s The effects of sera from guinea-pigs with experimental allergic encephalomyelitis (EAE) and multiple sclerosis (MS) patients were evaluated and compared with the activity of control sera using the isolated frog spinal cord. Ventral root responses (VRR) were recorded during supramaximal ipsilateral dorsal root stimulation in the presence and absence of 25% serum. In control experiments with normal human and guinea-pig sera we observed a consistent, reversible increase in VRR averaging 20% and 17% respectively, and in no case was any significant decrease produced. In contrast, sera from EAE guinea-pigs 12 to 19 days after injection produced an equally rapid, reversible decrease in VRR. The decrease averaged 36% and was highly significant (P<0.0001) relative to controls. Similarly, sera from MS patients on the average decreased the VRR by 26%, and this again was significant compared with controls (P<10-6).
The literature regarding the presence of neuroelectric blocking agents in the sera of patients with multiple sclerosis (MS) and animals with cxperimental allergic encephalomyelitis (EAE) and the relationship, if any, between the presence of such agents and the disease process itself has in recent years become increasingly complex and controversial. Some 10 years ago Bornstein and Crain (1965) reported that sera from rabbits with experimental allergic encephalomyelitis and MS patients during acute exacerbations reversibly blocked the electrical activity of cultured mouse cerebral cortex cells. Shortly thereafter Cerf and Carels (1966) reported that the application of MS sera to the isolated frog spinal cord produced a reversible inhibition of the polysynaptic ventral root response (VRR) to ipsilateral dorsal root or lateral column stimulation. In both preparations heating the sera to 560C for 30 minutes was reported to abolish the neurotoxic effect, which could, however, be reconstituted by the (Accepted 8 March 1976.) addition of a fresh source of complement. Particularly in the Cerf and Carels (1966) studies, numerous control sera were examined without any neurotoxic effect being found. In fact, normal sera were reported to enhance the ventral root response above that recorded in normal oxygenated Ringer solution.
In contrast with these results, Seil et al. (1975 Seil et al. ( , 1976 reported in extensive studies that the neuroelectric blocking factor(s) claimed by Bornstein and Crain (1965) to exist specifically in EAE and MS sera were also present to a comparable extent in a variety of control sera. Using mouse cerebral neocortex cultures, they found no significant difference between the blocking activity of sera from MS patients and normal subjects, or between the sera of rats injected with guinea-pig white matter in Freund's complete adjuvant (FCA) and those injected with various control antigens, including FCA alone. Additionally, they failed to confirm the thermal lability of this factor reported by Bornstein and Crain (1965 Figure 1 shows the ventral root responses obtained in Ringer solution and during the application of 25% normal human sera. Not only is the amplitude of the VRR seen to be relatively consistent in Ringer solution, but there is a clear potentiation of the response during application of normal human serum. Table 1 summarizes experiments using serum obtained from 14 normal human subjects. The amplitude of the ventral root response (VRR) was measured before (B), during (D), and after (A) exposure to 25% normal sera, and the relative effect calculated as the ratio of the response in the presence of serum to the average of the amplitudes obtained in Ringer solution before and after serum application. In all cases we allowed 15 show some slight progressive change with time in any particular preparation, there was no consistent tendency for the VRR to either deteriorate or improve.
Serum specimens obtained for our initial six control subjects were evaluated both fresh (within two hours) or after storing for 24-72 hours at -200C. The average ratio of the relative effect obtained with frozen sera to that obtained with fresh sera was 1.00+0.06. Thus there was no apparent effect of the freeze/ thaw cycle on the ability of normal serum to potentiate the VRR. Subsequent studies were therefore done without regard to time of collection of control sera. Note that in these instances the effects of a particular serum were evaluated on different preparations, demonstrating the consistency of the effect of a particular serum from one frog spinal cord to another (Table 1) .
The average potentiation produced by normal human serum was to 1.22±0.17 times the control response in Ringer's solution with the results ranging from essentially no effect (-4%/O) to a 47%/. increase in VRR. In no case was the VRR significantly decreased by normal serum, in contrast with the results obtained on cultured CNS tissue (Seil et al., 1975 (Seil et al., , 1976 .
Our data on the potentiation by control sera agree fairly well with that of Cerf and Carels (1966) who obtained an average 42% increase (range 9%/O to 84%) in VRR in 12 preparations. This is particularly significant in that these authors removed the preparation from the recording chamber for exposure to different media, whereas we simply changed the perfusate with the preparation remaining in place.
In addition to normal human sera, we also studied the response of the isolated frog spinal cord to the application of serum obtained by intracardiac puncture from normal male guinea pigs (400-500 g). Here again normal serum potentiates the VRR with an average increase to 1.17±0.16 times control. There is no significant difference compared with human serum, and again in the VRR was never significantly decreased by normal serum.
In contrast with these results, Fig. 2 illustrates the effect of applying fresh serum from a patient with multiple sclerosis to the isolated spinal cord. The amplitude of the VRR was rapidly and reversibly decreased by 25% serum and could not be increased by further increasing the amplitude of the originally supramaximal stimulus to the dorsal root. The results of a study of 25 MS patient sera are given in Table 2 and Fig. 3 . by a neurologist before we tested the neuroelectric activity of the patient's sera. Detailed inspection of the blocking effect yields a slight correlation with the clinical evaluation. The patients classed as exacerbating depressed the VRR to 0.59±0.19 times the control value, while those classed as stable depressed the VRR to 0.83+0.25. These differences are marginally significant (P<0.03).
In our final series of experiments serum specimens were obtained from randomly bred male guinea-pigs at various times after injection with rabbit spinal cord in FCA. These results are summarized in Table 3 . The average decrease in VRR produced by EAE sera taken from animals 12-19 days after inoculation was to 0.64±0.19 times control, a difference highly significant compared with normal sera (P<0.0001). Animals whose sera were examined more than 20 days after inoculation did not usually produce an effect significantly different from that produced by the uninjected controls (0.99±0.11).
A limited number of experiments was carried out using sera from patients with cerebral strokes to test whether CNS damage, by itself, is capable of causing the appearance of neuroelectric blocking activity. In none of the four cases examined was there any significant decrease in VRR, the average amplitude Again, the VRR response was measured before, during, and after application of sera, and the relative effect calculated as in Table 1 . The average VRR obtained during the recovery period was 0.98±0.13 times the initial control response, demonstrating the essentially complete reversibility of the effect as well as the stability of the preparation. During application of fresh MS sera the average VRR amplitude was reduced to 0.73±0.26 times the control value (range 0.25 to 1.14) and compared with normal human sera the difference in the means is statistically significant (P<IO-", unpaired t test). Figure 3 and Table 2 suggest, however, that the MS sera may segregate bimodally, with some patients producing little or no decrease in the VRR while others strongly inhibit. perhaps slightly potentiate. The average effect of the latter group is still significantly different from the effects of normal control sera, however, suggesting the possibility that the blocking activity is even greater than recorded because of a masking effect by potentiating factor(s). Whether this is, in fact, the case will require either a more quantitative assay, or identification and elimination of the potentiating effect of normal serum.
It is not apparent from the data presented here whether there is a very direct connection between the activity of neuroelectric blocking factor(s) and the clinical status of the MS patient. We have tested a single patient during acute exacerbation and after a seven day course of ACTH therapy associated with marked clinical improvement. Before hospitalization the patient's sera decreased the VRR by 38%, and after ACTH treatment it was ineffective (VRR increased by 1%). In another case a patient with a chronically progressive course was tested at a six week interval during which there was no apparent change in her condition. The earlier sera decreased the VRR by 65%/, while the second specimen decreased the VRR by only 10%. Clearly much more extensive longitudinal studies of selected MS patients are required before any definitive statements can be made, and moreover may require the development of a more sensitive assay of neuroelectric blocking activity and/or at least a partial characterization of the factor(s) responsible for such activity.
The specificity of blocking activity for EAE and MS sera confirms the earlier work of Cerf and Carels (1966) who also noted a similar potentiating effect of normal sera. It is in marked contrast with recent tissue culture studies (Seil et al., 1975) in which blocking activity was equally abundant in a variety of control sera. A possible explanation of these studies is that the electrical activity found in tissue culture systems is relatively more labile and sensitive to a component of normal serum which the frog spinal cord is either insensitive to, or which is masked by the VRR potentiating effect characteristic of normal serum.
The mechanism of this potentiating effect of normal serum remains obscure. It could be due to the quite high concentration (10-4 mol/l) of putative excitatory transmitters such as glutamate found in normal serum but additional experiments are required to settle this point. 
